BACKGROUND: Direct laryngoscopy of a patient lying on the ground is difficult because the intubator's head is far above the head of the patient, making alignment of the intubator's visual axis with the patient's tracheal axis difficult. The Airway Scope is a laryngoscope designed to facilitate tracheal intubation without requiring alignment of the oral, pharyngeal, and tracheal axes. We thus tested the hypothesis that intubation with the Airway Scope is faster than with the Macintosh laryngoscope in subjects lying on the ground. METHODS: Adult surgical patients were enrolled. After anesthesia induction, direct laryngoscopy was performed and airway characteristics noted. Patients were randomly assigned to tracheal intubation by either the Airway Scope (n ϭ 50) or the Macintosh laryngoscope (n ϭ 50). The intubator performed tracheal intubation from a table positioned at the same height as that of the operating table, thus simulating intubating on the ground. An unblinded observer recorded overall intubation success rate, time required for intubation, the number of attempts required for successful intubation, and airway complications related to intubation. Of these, the primary end point was time required for intubation. RESULTS: Overall intubation success rates were 98% with the Airway Scope and 100% with the Macintosh laryngoscope. Intubation was 17 s faster with the Airway Scope (mean, 18 (SD, 4) seconds) versus the Macintosh laryngoscope (35 (16) seconds). The number of intubation attempts was similar with each device. The incidences of airway complications were similar, with no hypoxia (SpO 2 Ͻ95%) occurring in either group. CONCLUSIONS: Both the Airway Scope and the Macintosh laryngoscope offer high success rates in adequately prepared paralyzed patients lying supine at ground level in the hands of a skilled practitioner. However, the Airway Scope facilitated faster tracheal intubation. (Anesth Analg 2010;111:427-31) From the *
E mergency tracheal intubations in a prehospital environment are often complicated by suboptimal patient positioning, limited preparation due to preexisting airway compromise, limited workspace, and potentially hazardous surroundings. Prehospital intubations are thus usually more difficult than are those performed during routine general anesthesia. [1] [2] [3] An additional complication of out-of-hospital intubation is that subjects are often lying supine on the ground. Direct laryngoscopy and tracheal intubation in this position can be difficult because the head of the intubator is far above the head of the patient and the intubator cannot align his or her visual axis with the patient's tracheal axis. Adnet et al. reported that the left lateral decubitus position of the intubator lowers the intubator's head close to the ground and offers better glottic exposure than does the kneeling position when patients are lying on the ground. 4 Although intubation was eventually highly successful, the 11% incidence of poor laryngeal view (i.e., Cormack-Lehane grade 3 or 4) in the left lateral decubitus position 4 was more than that reported in a general anesthesia setting in which the patient's head is placed at optimal height for laryngoscopy and intubation. 5, 6 The Airway Scope (Pentax, Tokyo, Japan) is a new video laryngoscope designed for tracheal intubation. It has a built-in 2.4-inch liquid crystal display, which displays an image from a charge-coupled camera attached to its tip and is powered by standard AA batteries. A single-use blade (Intlock) protects the camera unit from oral contamination and accepts tracheal tubes with an outside diameter ranging between 8.5 and 11.0 mm and an inside diameter between 6.5 and 8.0 mm. The Intlock is designed to be positioned dorsal to the epiglottis and to slightly elevate it (while the patient is supine). In this position, the camera is in front of the glottic opening. Once the glottic opening has been visualized on the display screen, a target signal, which is shown on the display, is aligned with the glottic opening, and the tracheal tube can be passed through the vocal cords. The Airway Scope allows intubation without alignment of the oral, pharyngeal, and tracheal axes, as is required with direct laryngoscopy.
The Airway Scope reportedly improves visualization of the larynx in patients having a Cormack-Lehane grade 3 or 4 view with conventional direct laryngoscopy. [7] [8] [9] [10] [11] Asai 12 has shown 100% success rate of intubation with the Airway Scope in 3 unconventional patient positions, including a "lying on the ground" position using manikins. Therefore, we compared the Airway Scope with the Macintosh laryngoscope to confirm the efficacy of the Airway Scope in patients in simulated ground position. Specifically, we tested the hypothesis that intubation is quicker with an Airway Scope than with a Macintosh laryngoscope.
METHODS
With approval of the Human Research Committee at Kosei Hospital, Tokyo, Japan, and with written informed consent, 100 patients scheduled for various surgical procedures requiring tracheal intubation as part of anesthesia were enrolled. Patients were 18 years or older, and were designated as ASA physical status I, II, or III. Exclusion criteria were an increased risk of pulmonary aspiration, cervical spine pathology, or anticipated airway difficulties (i.e., Mallampati grade IV or thyromental distance Ͻ6 cm).
Protocol
Before induction of general anesthesia, patients' heads were elevated 7 cm by a pillow. Anesthesia was induced with fentanyl 2 g/kg and propofol 2 mg/kg. During the study period, rocuronium 0.6 mg/kg was used as a muscle relaxant, and anesthesia was maintained with sevoflurane 2% in oxygen.
After complete muscle relaxation was confirmed with a nerve stimulator, laryngoscopy (but not intubation) was performed with a #3 Macintosh laryngoscope at an optimal operative table height by an attending anesthesiologist who evaluated laryngoscopy grades in this optimal condition; these initial laryngoscopic grades were later compared with laryngoscopy grades obtained in a simulated ground position. In both groups, the pillow was removed from under the patient's neck and a table was positioned near the patient's head at the same height as the operative table.
Patients were then randomly assigned to intubation with an Airway Scope or a #3 Macintosh laryngoscope. Randomization was based on computer-generated codes that were maintained in sequentially numbered, opaque envelopes until just before experimental intubation.
For patients assigned to the Airway Scope group, a second laryngoscopy, using a #3 Macintosh laryngoscope, was performed to evaluate laryngoscopic view in this position by the investigator (Kotoe Kamata), who was in the left lateral decubitus position in the manner suggested by Adnet et al. 4 Subsequently, patients' tracheas were intubated with the Airway Scope by the investigator (RK) who was in a kneeling position near the head of the patient in a manner described by Tesler et al. 13 The Airway Scope with a preloaded, curved tracheal tube (7 mm internal diameter for women and 8 mm for men) was inserted into the mouth and positioned at the glottic opening, which was shown at the center of the cross mark on the scope's monitor. The tracheal tube was then advanced into the trachea, and the scope was detached from the tube and removed from the mouth. Finally, the breathing circuit was connected to the tracheal tube, and capnography confirmed tracheal intubation.
For patients assigned to the Macintosh laryngoscope group, laryngoscopy with a #3 Macintosh blade and subsequent intubation with a styletted tracheal tube (7 mm internal diameter for women and 8 mm for men) was performed by the investigator (Ryu Komatsu), who was in the left lateral decubitus position on the table at the head of the patient. After the tracheal tube was inserted in the trachea, the stylet was removed, the breathing circuit was connected, and capnography confirmed ventilation.
In each group, tracheal intubation was considered a failure if not accomplished within 3 attempts. Any single insertion of the Airway Scope or Macintosh laryngoscope in the patient's mouth was considered an intubation attempt. If intubation failed, the trachea was intubated using direct vision and a #3 Macintosh blade with the patient's head set at optimal height for intubation. The investigator (Ryu Komatsu) had previously performed 150 intubations using the Airway Scope in an optimal intubation condition, but none at the ground level. Both Ryu Komatsu and Kotoe Kamata performed 10 laryngoscopies and intubations with the Macintosh laryngoscope in the left lateral decubitus position at the ground level before the study. Both investigators were blinded to the laryngeal view obtained by the other, and to the results of laryngoscopy performed under optimal conditions before group assignment.
Measurements
Morphometric data, Mallampati score, mouth opening (interincisor distance), and thyromental distance (with the head extended in upright position) were measured before randomization.
The following outcomes were recorded by an unblinded observer: (a) overall intubation success rate; (b) number of intubation attempts; (c) intubation time (defined as the time from picking up the Airway Scope or Macintosh laryngoscope to confirmation of tracheal intubation by capnography; in the event that tracheal intubation was accomplished after 1 or 2 failed attempts, times for all individual intubation attempts were totaled to calculate intubation time. Data from patients whose intubation was deemed a failure after 3 intubation attempts were excluded from calculation of intubation time. Intubation time was defined as described above because the time of clinical importance is that from the start of intubation attempt to the time when the airway is secured by a tube); (d) frequency of esophageal intubation; (e) mucosal trauma (i.e., blood detected on the devices); (f) lip or dental injury; and (g) desaturation (Spo 2 Ͻ95%). Furthermore, modified Cormack-Lehane laryngoscopy grade 14 and the Percentage of Glottic Opening (POGO) score 15 were reported when using a #3 Macintosh laryngoscope at the optimal height of a patient's head, and at the ground level with the investigator in the left lateral decubitus position in both groups. Finally, reasons for any failed intubation attempt or overall unsuccessful intubation were also recorded.
Data Analysis
The primary outcome measure of the study was the difference in intubation times between the Airway Scope and the Macintosh laryngoscope. SD of intubation time using the Airway Scope at an optimal table height for intubation was 15 seconds in our preliminary study. Assuming that the standard deviations of intubation times for both the Airway Scope and Macintosh laryngoscope at the ground level would also be 15 seconds, 50 patients in each group would provide 90% power for detecting a 10-second difference in mean intubation times between the groups with a 2-tailed ␣ of 0.05.
Nonnormally distributed data were compared with the Mann-Whitney U test. Modified Cormack-Lehane scores and POGO scores with the Macintosh laryngoscope at the optimal height of the patient's head were compared between the Airway Scope group and the Macintosh laryngoscope group. Modified Cormack-Lehane scores and POGO scores with the Macintosh laryngoscope in ground position were compared between the Airway Scope group and the Macintosh laryngoscope group. The incidence of intubation complications, the overall intubation success rate, and gender distribution between the groups were tested by Fisher's exact or 2 tests, as appropriate. Normally distributed data were compared using unpaired Student's t tests. When all patients from both groups' data were combined, modified Cormack-Lehane scores and POGO scores at the optimal height of the patient's head with Macintosh laryngoscope and at the ground level with Macintosh laryngoscope were compared with the Wilcoxon's signed rank test.
Statistical analysis was performed using StatView 5.0 (SAS Institute Inc., Cary, North Carolina) and Sample Power 2.0 (SPSS, Chicago, Illinois). Values are expressed as mean (SD) unless otherwise specified; P Ͻ 0.05 was considered statistically significant.
RESULTS
Morphometric and airway assessment data of patients assigned to either the Airway Scope or the Macintosh laryngoscope were similar, except that thyromental distance was 3 mm longer in the Macintosh laryngoscope patients (Table 1) . Table 2 compares the intubation data with each laryngoscope. The number of first, second, and third attempts at intubation were 37, 10, and 3 for the Airway Scope; and 45, 5, and 0 for the Macintosh laryngoscope (P ϭ 0.051). Overall intubation success rates were 98% for the Airway Scope and 100% for the Macintosh laryngoscope (P Ͼ 0.99). Time to intubation was significantly shorter with the Airway Scope (18(4) seconds) than with the Macintosh laryngoscope (35(16) seconds; P Ͻ 0.0001).
Laryngoscopic views, graded according to the modified Cormack-Lehane and POGO scoring system, were similar between the groups both at optimal and at ground positions (Table 2) . With patients' data from both groups combined, the modified Cormack-Lehane score was worse at the ground level than at the optimal position (P Ͻ 0.0001). Glottic structure was not visible (i.e., modified Cormack-Lehane grade 3a or above) in only 5 patients at optimal position, in comparison with 20 patients in the ground-simulating position. POGO score was also worse at the ground (30% (0 to 100%); median range) than the optimal position (90% (0 to 100%)) (P Ͻ 0.0001).
Intubation complications are listed in Table 3 . No significant differences were observed in the occurrence of any of these complications. An upper incisor was damaged in a patient who had a modified Cormack-Lehane 3a view. Desaturation (Spo 2 Ͻ95%) was never observed in either group.
Reasons for failed intubation (in the first, second, or third attempt) using the Macintosh laryngoscope were the tactile resistance encountered while advancing the tube blindly into the trachea because of poor laryngoscopic view (n ϭ 4), and esophageal intubation (n ϭ 1, in a patient with a modified Cormack-Lehane score of 3a). Intubations failed with the Airway Scope because of the inability to position the Intlock tip dorsal to the epiglottis, consequently advancing the tip into the vallecula (n ϭ 13).
After 3 unsuccessful attempts, intubation was considered a failure. This occurred in a single patient assigned to the Airway Scope after advancing the Intlock tip into the vallecula 3 times. This patient had a modified Cormack-Lehane grade 3a view at both optimal and ground positions, and was eventually intubated blindly under direct laryngoscopy with a Macintosh #3 blade.
DISCUSSION
We compared tracheal intubation with the Airway Scope and the Macintosh laryngoscope in patients placed in a simulated ground-level position. Overall intubation success rates were similar, 98% with the Airway Scope and 100% with the Macintosh laryngoscope; however, intubation time was 17 seconds shorter using the Airway Scope.
At the simulated ground-level position, with the intubator assuming the left lateral decubitus position, the occurrence of modified Cormack-Lehane grade 3a with the Macintosh laryngoscope was 20%, with no grade 3b or 4 encountered. However, the larynx was fully visualized with the Airway Scope in all patients regardless of the modified Cormack-Lehane grade obtained with the Macintosh laryngoscope.
Thirteen patients in the Airway Scope group and 5 patients in the Macintosh laryngoscope group required 2 or more intubation attempts. Although a higher tendency of multiple intubation attempts in the Airway Scope group was observed, the difference did not reach statistical significance because of the small sample size of the study. All failed attempts in the Airway Scope patients resulted from the tip of the Intlock failing to be positioned to the glottis side of the epiglottis, resulting in advancement of the Intlock into the vallecula. This problem was corrected by partially withdrawing the device, and with a subsequent scooping movement of the Intlock, lifting the epiglottis which allowed insertion of the tracheal tube. This maneuver required only a few seconds and is the likely reason the Airway Scope usually secured the airway more quickly than did the Macintosh laryngoscope. There was an overall intubation failure in the Airway Scope group. The tip of the Intlock failed to be positioned to the glottis side of the epiglottis despite the use of the scooping movement on 3 occasions, such that intubation was deemed a failure. Although the incidence of intubation complications did not differ between the groups, dental injury and esophageal intubation occurred only with the Macintosh laryngoscope. The patient suffering the dental injury had a modified Cormack-Lehane 3a view, and an upper incisor was damaged by the laryngoscope blade during maximal effort to visualize the larynx while the tracheal tube was advanced into the trachea. Esophageal intubation occurred when blind intubation was attempted in a patient with a modified Cormack-Lehane score of 3a. The patient with dental injury had modified Cormack-Lehane score 3a laryngeal view in optimal as well as ground position. Therefore, even if intubation was performed in optimal condition, the force exerted to his upper incisor would not be significantly different from that actually exerted in the study condition. It is therefore likely that dental injury would have happened in this patient even if the intubation were performed in the optimal position. For patients with lip injuries, all injuries were minor and noticed after intubation was completed. The severity and frequency of occurrence of lip injury were not significantly higher than when intubation was performed in the optimal position.
A limitation of our study is that patients with anticipated airway difficulties were excluded; this explains why modified Cormack-Lehane grade 3b or higher scores were not encountered in the optimal intubation position. The inclusion of difficult airway populations might have favored the Airway Scope, because a poor laryngoscopic view has no influence on intubation. 16 Our study was conducted in a controlled environment under general anesthesia with muscle relaxation. In actual prehospital situations, a patient's blood or secretions in the airway often complicate intubation attempts. In these situations, the Airway Scope may prove less effective than it was in the current study because the camera view could be compromised by fogging or pharyngeal blood.
Under some field conditions, it may be impossible for the intubator to assume the left lateral decubitus position at the head of the patient because of space limitations (e.g., patient collapse in a small room) or the presence of hazardous matter on the ground (e.g., broken glass). In such cases, the intubator needs to assume other recommended positions for intubation on the ground. In a study in manikins, Tesler et al. 13 recommended a straddling position for the intubator, because the ratio of the maximum force generated by the laryngoscope blade and the force required for intubations that are exerted by laryngoscope blade is high in that position, which means that intubation can be completed with relatively small force exerted by the laryngoscope blade. Additionally, if there is no space at the head of the patient, the intubator is required to assume a straddled position. In the current study, laryngeal view might have been improved by assuming a straddling position because of a larger force that could be exerted during laryngoscopy. However, we chose the left lateral decubitus position because, in humans, only laryngoscopic views in kneeling and the left lateral decubitus positions have been reported. 4 All intubations were performed by a single investigator (Ryu Komatsu), and these intubations were the basis for our primary outcomes of intubation success rates and time to intubation. The investigator had had previous experience of Ͼ150 intubations with the Airway Scope before this study. Therefore, external validity of the study results could be argued. For those anesthesia providers who are experienced in direct laryngoscopy but have limited experience with the Airway Scope, the results might be more favorable with direct laryngoscopy. However, for those providers likely to manage the patients' airway in the field condition (e.g., paramedics), who presumably do not intubate as frequently as do anesthesia providers, skill maintenance of intubation with direct laryngoscopy is not easy. 17 On the other hand, intubation with the Airway Scope has been reported to be easy for the novice intubator, 18 and in these providers, the Airway Scope might be even more effective than it is in the current study. Different investigators conducted laryngoscopy in the left lateral decubitus position for the Airway Scope group (Kotoe Kamata) and the Macintosh laryngoscope group (Ryu Komatsu), which possibly included interobserver variability in the reported laryngeal-view grade. However, both investigators have had Ͼ7 years experience as anesthesiologists, which precludes a large discrepancy in the proficiency of the laryngoscopic technique. Furthermore, we included a POGO scoring system that was reported to have a high interphysician concordance 15 in addition to Cormack-Lehane grading. In patients randomly assigned to the 2 groups, both modified Cormack-Lehane and POGO scores were similar in the ground position, which showed that interobserver variability played no significant role when scoring the laryngoscopic view between the groups. In conclusion, both the Airway Scope and Macintosh laryngoscope offer high success rates in patients lying supine on the ground. However, intubation is quicker with the Airway Scope and may thus be preferable in emergency settings.
